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(54) Substrate for transparent electrodes 

(57) One object of the present Invention is to provide 
a transparent electrode substrate with an ITO film 
formed thereon, used for example as the transparent 
electrode plate In a dye sensitized solar cell, for which 
the ierectrical resistance doss not Increiase even wh~^n 
exposed to high temperatures of 300**C or higher. In or- 



der to achieve the object, the present invention provides 
a substrate for a transparent electrode, wherein two or 
more layers of different transparent conductive films are 
formed on a transparent substrate, and an upper layer 
traiifsparentcorfductlve film hBs a higher heat reslstance" 
than that of a lower layer transparent conductive film. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a transparent electrode substrate for use in transparent electrode plates and 
the like of devices such as liquid crystal display elements and solar cells, and in particular to a transparent electrode 
substrate with increased heat resistance. 

10 

Description of the Related Art 

[0002] Transparent electrode plates of jiquid crystal display elements and solar cells and the like typically use a 
transparent substrate such as glass, on which is provided a thin film of thickness 50 to 1,000 nm of indium oxide doped 
15 with several percent of tin, known as an indium tin oxide film (hereafter abbreviated as an ITO film). 

[0003] However, although this ITO film has excellent transparency and a high level of conductivity. It suffers from 
deteriorating heat resistance at temperatures over 300° C. 

[0004] Namely, when ITO films are Exposed to a high temperature of SOO^'C or higher, the electrical resistance of 
the ITO film increases more than three times, and the conductivity decreases markedly. It is thought that the reason 
20 for this behavior that on heating, oxygen from the atmosphere bonds to a portion of the oxygen vacant structures within 
the ITO film, reducing the oxygen vacancies which functions as a passage for electrons. 

[0005] Consequently, if this type of transparent electrode plate with an ITO film fonned thereon is used, for example, 
to make a dye sensitized solar cell, then a paste formed from fine oxide powder such as titanium oxide is coated on 
the surface of the ITO film of the transparent eJectrode plate, and the paste is calcinated at a temperature of 400 to 
25 600**G to fomi porous oxide semiconductor film* However, during this process, the conductivity of the ITO film of the 
transparent electrode plate deteriorates markedly. As a result the photoelectric conversion efficiency of the dye sen- 
sitized solar ceil also deteriorates. 

[0006] For example, Japanese Unexamined Patent Applications, First Publication Nos. Hei 7-249316 and Hel 
9-063954 disclose the conventional transparent electrode plate. 
30 [0007] Accordingly, an object of the present Invention Is to provide a transparent electrode substrate with an ITO film 
f omied thereon, used for example as the transparent electrode piate In a dye sensitized solar ce ii, for which the electrical 
resistance does not Increase even when exposed to high temperatures of 300**C or higher. 

SUMMARY OF THE INVENTION 

35 

[0008] lTf"OTderr<raclTfSV^the above object, the present mvention provides a substrate for a transparent electrode," 
wherein two or more layers of different transparent conductive films are fontied on a transparent substrate, and the 
upper layer transparent conductive film has a higher heat resistance than the lower layer transparent conductive film. 
[0009] According to the substrate for a transparent electrode, even if this substrate for a transparent electrode is 
40 exposed to high temperatures of 300"C or higher, the electrical resistance does not increase, and the transparency 
does not deteriorate. 

[0010] In the substrate for a transparent electrode, it is preferable for the increase in the electrical resistance of the 
upper layer transparent conductive film on heating at 300 to 700*»C to be suppressed to an increase of no more than 
two times, and for the increase in the electrical resistance of the lower layer transparent conductive film on heating at 

45 300**C or higher to be at least 1 .5 times. 

[0011] In the substrate for a transparent electrode, It is also.preferablefortwo or more layers of different transparent 
conductive films to be formed on a transparent substrate, for at least one of the layers other than the uppermost layer 
to be an ITO film, and for a transparent conductive film for which the increase in the electrical resistance on heating 
at 300 to 700**C Is suppressed to no more than two times to be formed on top of the ITO film. 

» [0012] In the substrate for a transparent electrode, it is also preferable for the transparent conductive film laminated 
on top of the ITO film to be prepared by a spray pyrolysis deposition method (hereafter referred to as a SPD method). 
[0013] In the substrate for a transparent electrode, It is also preferable for the transparent conductive film laminated 
on top of the ITO film to be formed consecutively and immediately after the formation of the ITO film. 
[0014] According to the substrate for a transparent electrode, since during the formation of a highly heat resistant 

55 transparent conductive film different from an ITO film on top of the ITO film, by forming the heat resistant film consec- 
utively and immediately after the fomiation of the ITO film, the ITO film does not undergo oxidation deterioration during 
the heat resistant film formation operation, and no loss occurs In the original high conductivity and transparency of the 
ITO film. As a result, a transparent electrode substrate with superior heat resistance, conductivity and transparency 
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can be obtained. 

[0015] In the substrate for a transparent electrode, It is also preferable for at least one transparent conductive film 
other than the ITO film to comprise one or more transparent conductive films selected from a group consisting of fluorine 
doped tin oxide (hereafter referred to as a FTO film), antimony doped tin oxide (hereafter referred to as a ATO film), 
tin oxide, fluorine doped zinc oxide, aluminum doped zinc oxide, gallium doped zinc oxide (hereafter referred to as a 
G20 film), boron doped zinc oxide, and zinc oxide. 

[0016] In addition, in order to achieve the above object, the present invention provides a substrate for a transparent 
electrode wherein an ITO film is provided on a transparent substrate, a FTO film is provided on this ITO film, and the 
thickness of the ITO film is 100-1 000 nm. 

[0017] According to the substrate for a transparent electrode, it is possible to provide a substrate for a transparent 
electrode having high transparency. 

[001 8] In the substrate for a transparent electrode, it Is preferable for the thickness of the FTO film to be 30-350 nm. 
In addition, the thickness of the FTO film is more preferably to 1 00-350 nm, and most preferably to 150-350 nm. 
[0019] According to the substrate for a transparent electrode, it is possible to provide a substrate for a transparent 
electrode having improved heat resistance In which resistance is not increased by heating at aSO-yoO'C. 
[0020] In addition, In order to achieve the above object, the present invention provides a method of producing a 
substrate for a transparent electrode, wherein the film formation temperature of an ITO film is 280*»C or higher when 
producing the substrate for a transparent electrode by providing the ITO film on a transparent substrate by means of 
a SPD method and by providing a FTO film on the ITO film. 

[0021] Furthemiore. In order to achieve the above object, the present invention provides another method of producing 
a substrate for a transparent electrode, wherein the film fonnatlon temperature of a FTO film Is 360-440*'C when pro- 
ducing the substrate for a transparent electrode by providing an ITO film on a transparent substrate by means of a 
SPD method and by providing the FTO film on the ITO film. 

[0022] When carrying out film fomiation of the ITO film and FTO film by a SPD method, by setting the film formation 
temperature of the ITO film to 280"*C or higher, a low-resistance transparent conducting film can be formed, and by 
setting the film fonnatjpn temperature of the FTO film to 360-440«C. a transparent conducting film having high heat 
resistance can be formed without increasing the resistance even If heated at 300*0 or higher. 

[0023] In addition, in order to achieve the above object, the present invention provides a photoelectric conversion 
element using the substrate for a transparent electrode as a transparent electrode plate. 

[0024] Furthennore, In order to achieve the above object, the present invention provides a dye sensitized solar cell 
using the substrate for a transparent electrode as a transparent electrode plate. 

[0025] According to the dye sensitized solar cell, since It uses the transparent electrode substrate described above 
as a transparent electrode plate, and consequently even when heated to a high temperature during the calcination of 
an oxide semiconductor porous film, the low electrical resistance of the transparent electrode plate Is maintained, 
enabling the production of a solar cell with a high degree of photoelectric conversion efficiency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] 

FIG. 1 is a schematic cross-sectional dlagrarri showing an example of a substrate for a transparent electrode 
according to the present invention. 

FIG. 2 is a schematic cross-sectional diagram showing an example of a dye sensitized solar cell according to the 
present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0027] As follows Is a more detailed description of the present invention based on a series of embodiments. 
[0028] FIG. 1 is a diagram showing one example of a substrate for a transparent electrode according to the present 
Invention. In the figure, numeral 1 represents a transparent substrate. This transparent substrate I is a glass plate of 
thickness 0.3 to 5 mm formed from a glass such as soda glass, heat resistant glass or quartz glass. 
[0029] A first transparent conducth/e film comprising an ITO film 2 is formed on one surface of the glass plate of the 
transparent substrate 1 . This ITO film 2 is a thin film formed by a thin film formation means such as a sputtering method, 
CVD method, and SPD method. This ITO film 2 has good conductivity and transparency, and if the film thickness 
becomes thick, the conductivity as a transparent'conducting film improves, which is preferable. However, the trans- 
parency will decrease, and the film thickness should be 100-1000 nm. Furthermore, this ITO film 2 has a low heat 
resistance, and the electrical resistance due to heating at 300*»C or higher increases to at least 1 .5 times. 
[0030] A FTO film (hereafter referred to as a FTO film) 3 as a second transparent conductive film Is formed on top 
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of the ITO film 2. This FTO film 3 Is fomied from tin oxide doped with several ppm of fluorine, and Is a thin film which 
displays excellent heat resistance and chemical resistance. This FTO film 3 is highly heat resistant and displays an 
increase in electrical resistance which is suppressed to no more than 2 times on heating at 300 to 70O''C. 
[0031] The thickness of this FTO film 3 must be at least 30 nm in order to protect the ITO film 2 underlayer. However, 
5 if It becomes too thick, the overall transparency decreases, and the upper limit should be 350 nm. The film thickness 
of this FTO film 3 largely detenmines the heat resistance as a transparent conducting film. 

[0032] For example, if the film thickness is set to 30-350 nm, the conductivity does not decrease even due to heating 
at a temperature of 250-700'*C for one hour. If the film thickness is set to 1 00-350 nm, the conductivity does not decrease 
even due to heating at a temperature of 450-700*'C for one hour. If the film thickness is set to 150-350 nm, the con- 
10 ductlvity does not decrease even due to heating at a temperature of 650-700^*0 for one hour 

[0033] Therefore, it Is possible to adjust the film thickness depending on the heat resistance which is required to a 
substrate for a transparent electrode. 

[0034] The FTO film 3 can be formed using a thin film formation technique such as a SPD method, a sputtering 
method, or a CVD method, although of these, a SPD method is preferred. 

15 [0035] This SPD method is a variety of thin film formation technique wherein a raw material compound solution is 
sprayed onto a heated substrate, a pyrolysis reaction Is initiated on the substrate generating fine particles of an oxide, 
and these fine particles of oxide are deposited on the surface of the substrate. This type of SPD method can be used 
for forming a l=TO film by using a solution of a tin oxide such as tin (II) oxide and a fluorine compound such as ammonium 
fluoride as the raw material compound solution. 

20 [0036] Furthennore, the formation of the FTO film of the second transparent conductive film 3 must be conducted 
immediately after the fomiation of the ITO film 2 of the first transparent conductive film. The reason for this requirement 
is because if the ITO film 2 is exposed to a high temperature of 450 to 550°C, then the film will oxidize within a very 
short time period of only 2 to 3 minutes, causing a reduction in conductivity. Therefore, if the glass substrate 1 with the 
ITO film 2 formed thereon is heated for a second time from room temperature to the 500 to 600**C required for formation 

25 of the FTO film 3. the ITO film 2 will deteriorate during this heating period, before the FTO film 3 of the second transparent 
conductive film can be fomned, 

[0037] As a result, It is necessary to spray the raw - 'Material compound solution for the FTO film 3 onto the glass plate 
1 Immediately after the formation of the ITO film 2, while the temperature of the glass plate 1 is still at approximately 
400 to SOO'C, and form the FTO film 3 by SPD methods before the ITO film 2 can begin to deteriorate. Accordingly, 
30 the spraying of the raw material compound solution used for forming the FTO film 3 of the second transparent conductive 
film must be commenced within 1 to 3 minutes of completing the formation of the ITO film 2 of the first transparent 
conductive film. 

[0038] By employing this type of consecutive and Immediate film formation operation, the surface of the ITO film 2 
can be covered with the highly heat resistant FTO film 3 before the ITO film 2 undergoes oxidation deterioration. In 
35 cases in which a thin film fonnation method other then the aforementioned SPD method Is employed in the consecutive 
f ilhi formation operation, the temperature during film formation of the FTO film 3 can still not be reduced to a temperature 
below 300°O, and consequently the same time restriction applies. 

[0039] Furthennore, a method is adopted which sets the film formation temperature of the ITO film 2 to 280''G or 
higher, preferably 2B0-460**C, when producing a substrate for a transparent electrode by providing the ITO film 2 on 
40 the transparent substrate 1 by means of a SPD method and subsequently providing the FTO film 3 on this ITO film 2 
by means of the SPD method. Moreover, a method is adopted which sets the film fomnation temperature of the FTO 
film 3 to 360-440**C. 

[0040] By setting the film fonnation temperature of the ITO film 2 to 280'*C or higher as described above, it is possible 
to form a low-resistance transparent conducting film with high conductivity. Furthermore, by setting the film formation 

45 temperature of the FTO film 3 to 360-440^0. it is possible to fomn a transparent conducting film having good heat 
resistance without increasing the resistance even If heating is carried out at 450^0 for one hour. 
[0041 ] According to a transparent electrode substrate of this type of construction, the second transparent conductive 
film which is a FTO film 3 and which displays superior heat resistance and for which the electrical resistance does not 
increase appreciably even on exposure to high temperatures, is laminated on top of the first transparent conductive 

50 film 2 which is an ITO film, and covers the ITO film 2, and consequently even when exposed to high temperatures of 
300"C or higher, the ITO film 2 does not oxidize and no loss occurs in the high conductivity of the ITO film 2. 
[0042] Furthermore, the l=TO film of the second transparent conductive film 3 has a higher electrical resistance and 
a poorer transparency than an ITO film, but because the thickness of this FTO film 3 may be kept reasonably thin, the 
electrical resistance and the transparency of the overall laminated film structure do not deteriorate appreciably. 

55 [0043] In addition, FTO films also offer a high degree of chemical resistance, and consequently yield an overall 
laminated film structure with a high degree of chemical resistance. 

[0044] Furthemnore, by forming the FTO film 3 immediately after the fomnation of the ITO film 2, oxidation deterioration 
of the ITO film 2 during the film formation operation for the FTO film 3 can be prevented, and no loss occurs in the high 
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conductivity of the ITO film 2. 

[0045] In addition, In tlie present Invention, other films with similar characteristics to a FTO film can also be used for 
the second transparent conductive film 2, Including transparent conductive films of antimony doped tin oxide (ATO), 
tin oxide (TO), fluorine doped zinc oxide (FZO), aluminum doped zinc oxide (AZO), gallium doped zinc oxide (GZO), 
5 boron doped zinc oxide (BZO) or zinc oxide (ZO), of flim thickness from 30 to 500 nm. These transparent conductive 
films offer a similar high level of heat resistance to the FTO film 3, and display an increase in electrical resistance which 
is suppressed to no more than 2 times on heating at 300 to 700" C. 

[0046] Furthermore, a third transparent conductive film and a fourth transparent conductive film and beyond, can 
also be fomied on top of the second transparent conductive film 3, forming a plurality of layers of the aforementioned 

10 transparent conductive films other than the ITO film. 

[0047] In addition, a transparent conductive film other than an ITO film may also be formed directly on top of the 
transparent substrate 1 , with an ITO film then formed on top of this transparent conductive film, and a transparent 
conductive film other than an ITO film, such as a FTO film or the like, then formed on top of the ITO film. 
[0048] Furthermore, the fomi of the transparent substrate is not restricted to a flat plate. IVIoreover, a substrate for 

'5 a transparent electrode according to the present invention is, of course, not restricted to use as a transparent electrode 
plate for a dye sensitized solar cell described above, and can also be used for other devices such as photoelectric 
conversion elements which are exposed to high temperatures of 300**C or higher, either during production or In sub- 
sequent use. 

[0049] FIG. 2 is a diagram showing one example of a dye sensitized solar cell, representing a specific example of a 
20 photoelectric conversion element of the present Invention. 

[0050] In FIG. 2, numeral 11 represents a transparent electrode plate. This transparent electrode plate 11 is formed 
from a transparent electrode substrate as described above, and comprises, for example, a transparent substrate 12 
such as a glass plate on which Is laminated an ITO film 13 and a FTO film 14. 

[0051] On top of the FTO film 14 of this transparent electrode plate 1 1 is formed an oxide semiconductor porous film 
25 15. This oxide semconductor porous flim 1 5 Is a porous film of thickness 1 to 50 p,m jim constructed of interconnected 
fine particles of a metallic oxide which displays semiconductivity such as titanium oxide, tin oxide, tungsten oxide, zinc 
oxide, zirconium oxide or niobium oxide, with the interior of the film containing countless fine vacancies, the surface 
comprising fine undulations, and with the Intemal fine vacancies supporting a photosensitized dye. 
[0052] Formation of this oxide semiconductor porous film 15 is achieved by a method in which a colloidal liquid, a 
30 paste, or a dispersion containing dispersedf ine particles of the aforementioned metal oxide of average particle diameter 
5 to 50 nm is applied to the surface of the FTO film 1 4 of the transparent electrode plate 1 1 using an application method 
such as screen printing, ink jet printing, roll coating, doctor coating, spin coating, spray coating or bar coating, and is . 
subsequently baked at a temperature of 400 to 600'*C. 

[0053] Furthermore, suitable examples of photosensitized dyes include ruthenium complexes Incorporating ligands 
35 such as bpyrldine structures or terpyridine structures, metal complexes of porphyrins or phthalocyanine, and organic 
dyes such as eosin. rhodamine and merocyanine, and by impregnating the fine cavities within the oxide semiconductor • 
porous film 15 with an aqueous solution or an alcohol solution of this type of dye and perfonning subsequent drying, 
the dye Is supported in the cavities. 

[0054] In FIG.2, numeral 16 represents a counter electrode. This counter electrode 16 may comprise a conductive 
40 substrate such as a metal plate, a non-conductive substrate such as a glass plate with a conductive film of platinum, 
gold or carbon or the like fonned thereon using a technique such as vapor deposition or sputtering, or an electrode 
formed by applying a chloroplatinic acid solution to a substrate, and then heating the electrode to form a platinum film. 
[0055] An electrolyte formed from a nonaqueous solution incorporating a redox pair such as Iodine and Iodide ions 
is used to fill the gap between the aforementioned oxide semiconductor porous film 15 and the counter electrode 16, 
45 forming an electrolyte layer 17. 

[0058] In a dye sensitized solar cell of this construction, if light such as sunlight enters from the side of the transparent 
electrcde plate 11 . then an electromotive force develops between the transparent electrode plate 11 and the counter 
electrode 16, and electrons flow from the transparent electrode plate 11 to the counter electrode 16, producing power 
generation. 

so [0057] According to this type of dye sensitized solar cell, because the uppermost layer of the transparent electrode 
substrate which forms the transparent electrode plate 11 Is a highly heat resistant FTO film 1 4, even during the heating 
required for the baking of the oxide semiconductor porous film 15. the resistance does not increase significantly, and 
the low electrical resistance required for the transparent electrode plate 11 Is maintained, and as a result, the photo- 
electric conversion efficiency of the solar cell does not deteriorate. 

55 [0058] In a dye sensitized solar cell of the present invention, the electrolyte layer 17 fomned from the electrolyte 
comprising a nonaqueous solution incorporating a redox pair can either employ a charge transfer layer comprising a 
solid Inorganic p-type semiconductor such as copper iodide or copper thiocyanate, or alternatively, this charge transfer 
layer can employ a hole transport layer. By using such a hole transport layer, volatilization and leakage of the electrolyte 
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can also be prevented. 

[0059] As follows is a description of a series of specific examples. The examples presented comprise a glass plate 
onto which an ITO film, and a FTO film, an ATO film or a TO film are fonned using a SPD method. 

Example 1 

1. Preparation of a raw material compound solution for an ITO film 

- [0060] 5.58 g of indium (III) chloride tetrahydrate and 0.23 g of tin (II) chloride dihydrate were dissolved in 1 00 ml of 
ethanol, yielding an ITO film raw material compound solution. 

2. Preparation of a raw material compound solution for a FTO film 

[0061] 0.701 g of tin (IV) chloride pentahydrate was dissolved in 10 ml of ethanol, a saturated aqueous solution of 
0.5g2 g of ammonium fluoride was added, and the mixture was placed in an ultrasonic washer for approximately 20 
minutes to achieve complete dissolution, yielding a FTO film raw material compound solution. 

[0062] . Subsequently, the surface of a heat resistant glass plate of thickness 2 mm was subjected to chemical 
cleaning, and the glass plate was then dried, placed in a reaction vessel and heated using a heater. When the heating 
temperature of the heater had reached approximately 450**C, the ITO film raw material compound solution was sprayed 
onto the plate for 25 minutes through a nozzle with a bore diameter of 0.3 mm and at a pressure of 0,06 MPa. with the 
nozzle separated from the glass plate by a distance of 400 mm. 

[0063] Following spraying of the ITO film raw material compound solution, two minutes were allowed to elapse (during 
this period, ethanol was sprayed continuously onto the glass substrate surface in order to suppress any increase in 
the surface temperature of the substrate), and when the heating temperature of the heater reached SSO'C, the FTO 
film raw material compound solution was sprayed onto the surface under the same conditions, for a period of 2 minutes 
and 30 seconds. 

[0064] Through the above processes, an ITO film of thickness 530 nm and a FTO film of thickness 170 nm were 
formed on the heat resistant glass plate, yielding a transparent electrode plate according to the present invention. 
[0065] For the purposes of comparison, Identical heat resistant glass plates and the same operations were used to 
form a transparent electrode plate comprising only an ITO film of thickness 530 nm. and a transparent electrode plate 
comprising only a FTO film of thickness 180 nm. 

[0066] These three different types of transparent electrode plate were placed in a heating furnace and heated, either 
at 450*»C for one hour In air. or at 450*»C for 2 two hours In air, and the variation In the sheet resistance, the specific 
resistivity, and the transparency were then evaluated. IVIeasurements of electrical reslstanciB were perfomried using the 
four terminal method, and measurements of transparency were perfomried using an ultraviolet-visible spectrophotom- 
eter at wavelengths of 500 hm an^^^ 

[0067] The results are shown in Table 1 through Table 3. Table 1 shows the data prior to heating, Table 2 shows the 
data for the transparent electrode plate following heating at 450°C for one hour in .air, and Table 3 shows the data for 
the transparent electrode plate following heating at 450*0 for two hours in air. 



Table 1 





Sheet resistance 
(fi/CO 


Film thickness 
(nm) 


Specific 
resistivity 
(Qcm) 


Transmittance 
at 500 nm 
(%) 


Transmittance at 
600 nm 
(%) 


ITO film 


4.9 


530 


2.6 X 10-4 


96 


91 


FTO film 


48 ' 


180 


8.6 X 10-4 


91 


97 


FTO and ITO 
films 


3.3 


700 


2.3 X 10-4 


84 


86 


Table 2 




Sheet resistance 
(QO) 


Film thickness 
(nm) 


Specific 
resistivity 
(Qcm) 


Transmittance 
at 500 nm 
(%) 


Transhnitlanceat 
600 nm 
(%) 


ITO film 


18 


530 


9.5 X 10--^ 


'90 


84 
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5 



10 



20 



Table 2 ( 


continued) 




Sheet resistance 


Film thickness 
(nm) 


Specific 
resistivity 
(Q-cm) 


Transmittance 
at 500 nm 
(%) 


Transmittance at 
600 nm 
(%) 


FTO film 


48 


180 


8.6x10-4 


92 


96 


FTO and ITO 
films 


3.3 


700 


2.3 X 10-4 


88 


87 


Table 3 


T 


Sheet resistance 
(£Vq) 


Film thickness 
(nm) 


Specific 
resistivity 
(Q-cm) 


Transmittance 
at 500 nm 

{%) 


Transmittance at 
600 nm 

(%) 


ITO film 


18 


530 


9.5 X 10-4 


90 


85 


FTO film 


48 


180 


8.6 X 10-4 • 


91 


96 


FTO and ITO 
films 


3.3 


700 


2.3 X 10-4 


88 


87 



[0068] From the results shown in Table I through Table 3 it is evident that in the transparent electrode plate with a 
FTO film laminated on top of the ITO film, there is no fluctuation In electrical resistance and no deterioration In trans- 
parency, even after heating for one or two hours at 450*^0 in air. 

[0069] Next, dye sensitized solar cells of the structure shown in FIG. 2 were prepared using each of the three types 
of transparent electrode plates frorh the above examples. 

[0070] Formation of the oxide semiconductor porous film 15 involved dispersing fine particles of titanium oxide with 
an average particle diameter of 230 nm in acetonitrileto form a paste, application of this paste to a transparent electrode 
11 using a bar coating method to form a film of thickness 15 nm, and then drying of the paste followed by calcinating 
at 450**C for one hour. A ruthenium dye was then supported in this oxide semiconductor porous film 15. 
[0071] In addition, a conductive substrate comprising an ITO film and a FTO film laminated on top of a glass plate 
was used as the counter electrode 16, and an electrolyte solution formed from a nonaqueous solution of iodine and 
iodide was used as the electrolyte layer 1 7. 

[0072] The planar dimensions of the dye sensitized solar cells prepared in this manner were 25 mm x 25 mm. 
[0073] - Each of these dye sensitized solar cells was irradiated with artificial sunlight (AM-1 .5), and the resulting power 
generation efficiency was determined. 

[0074] The results showed that for the solar cell using a transparent electrode plate comprising both an ITO film and 
a FTO film, the power generation efficiency was 5.4%, whereas the result for the solar cell using a transparent electrode 
plate with only an ITO film was 2.7%, and the result for the solar cell using a transparent electrode plate with only a 
FTO film was 3.8%. 

Example 2 

1. Preparation of a raw material compound solution for an ITO film 

[0075] 5.58 g of indium (III) chloride tetrahydrate and 0.23 g of tin (II) chloride dihydrate were dissolved in 1 00 ml of 
ethanol, yielding an ITO film raw material compound solution. 

2. Preparation of a raw material compound solution for an ATO film 

[0076] 0.701 g of tin (IV) chloride pentahydrate and 0.09 g of antimony chloride was dissolved in 10 ml of ethanol, 
yielding an ATO film raw material compound solution. 

[0077] Using this ITO film raw material compound solution and this ATO film raw material compound solution, and 
employing the same sequence as the example 1, an ITO film of thickness 380 nm and an ATO film of thickness 170 
nm were fomned on a heat resistant glass plate, yielding a transparent electrode plate according to the present Invention. 
[0078] For the purposes of comparison, identical heat resistant glass plates and the same operations were used to 
form a transparent electrode plate comprising only an ITO film of thickness 380 nm, and a transparent electrode plate 
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comprising only an ATO film of thickness 170 nm. 

[0079] These three different types of transparent electrode plate were placed in a heating furnace and heated, either 
at 450°C for one hour in air, or at 450°C for 2 two hours in air, and the variation in the sheet resistance, the specific 
resistivity, and the transparency were then evaluated. Measurements of electrical resistance were performed using the 
5 four terminal method, and measurements of transparency were performed using an ultraviolet-visible spectrophotom- 
eter at wavelengths of 500 nm and 600 nm. 

[0080] The results are shown in Table 4 through Table 6. Table 4 shows the data prior to heating, Table 5 shows the 
data for the transparent electrode plate following heating at 450*'C for one hour in air, and Table 6 shows the data for 
the transparent electrode plate following heating at 450°C for two hours in air. 

10 

Table 4 





Sheet 
resistance (£2/ 
□) 


Film thickness 
(nm) 


Specific 
resistivity (£2*cm) 


Transmittance at 
500 nm (%) 


Transmittance at 
600 nm (%) 


ITO film 


4.6 


380 


1,8 X 10-4 


85 


95 


ATO film 


1.5 X 102 


170 


2.5 X 10-3 


83 


90 


ATO and ITO 
films 


5.3 


550 


2.9 X 10-4 


83 


91 



Table 5 



30 





Sheet 
resistance {Q/ 
P 


Film thickness 
(nm) 


Specific 
resistivity (£2-cm) 


Transmittance at 
500 nm (%) 


Transmittance at 
600 nm (%) 


ITO film 


18 


380 


6,8 X 10-4 


91 


85 


ATO film 


2.3 X 102 


170 


3.9 X 10-^5 


83 


90 


ATO and ITO 
films 


6.4 


550 


3.5 X 10-4 


83 


92 



Table 6 





Sheet 
resistance (Q/ 
P 


Film thickness 
(nm) 


Specific - 
resistivity (H-cm) 


Transmittance at 
500 nm (%) 


Transmittance at 
600 nm (%) 


ITO film 


20 


380 


7.6 X 10-4 


92 


87 


ATO film 


2.6 X 102 


170 


4.4 X 10-3 


83 


90 


ATO and ITO 
films 


6.9 


550 550 3 


3.8 X 10* 


84 


92 



Example 3 



1 . Preparation of a raw material compound solution for an ITO film 

[0081] 5.58 g of indium (III) chloride tetrahydrate and 0.23 g of tin (H) chloride dihydrate were dissolved in 100 ml of 
ethanol. yielding an ITO film raw material compound solution. 

2. Preparation of a raw material compound solution for a TO film 

[0082] 0.701 g of tin (IV) chloride pentahydrate was dissolved in 10 ml of ethanol, yielding a TO film raw material 
compound solution. 

[0083] Using this ITO film raw material compound solution and this TO film raw material compound solution, and 
employing the same sequence as the example 1 , an ITO film of thickness 420 nm and a TO film of thickness 160 nm 



8 



EP 1 359 626 A1 



were formed on a heat resistant glass plate, yielding a transparent electrode plate according to the present Invention. 
[0084] For the purposes of comparison, identical heat resistant glass plates and the same operations were used to 
form a transparent electrode plate comprising only an ITO film of thickness 420 nm, and a transparent electrode plate 
comprising only a TO film of thickness 160 nm. 

5 [0085] These three different types of transparent electrode plate were placed in a heating furnace and heated, either 
at 450*'C for one hour in air, or at 450**C for 2 two hours in air, and the variation in the sheet resistance, the specific 
resistivity, and the transparency were then evaluated. Measurements of electrical resistance were performed using the 
four terminal method, and measurements of transparency were performed using an ultraviolet-visible spectrophotom- 
eter at wavelengths of 500 nm and 600 nm. 

io [0086] The results are shown In Table 7 through Table 9. Table 7 shows the data prior to heating, Table 8 shows the 
data for the transparent electrode plate following heating at 460*'C for one hour in air, and Table 9 shows the data for 
the transparent electrode plate following heating at 460*»C for two hours In air. 



Table 7 



15 





Sheet 
resistance (Q/ 

q 


Film thickness 
(nm) 


Specific 
resistivity (ii-cm) 


Transmittance at 
500 nm (%) 


Transmittance at 
600 nm {%) 


ITO film 


4.0 


420 


1.7 X 10-4 


86 


95 


TO film 


5.8 X 102 


160 


9.3 X 10-3 


85 


98 


TO and ITO 
films 


5.6 


580 


3.3 X 10*4 


82 


96 



Table 6 



30 





Sheet 
resistance {Q/ 


Film thickness 
(nm) 


Specific 
resistivity (£2-cm) 


Transmittance at 
500 nm (%) 


Transmittance at 
600 nm (%) 


ITO film 


17 


420 


7.1 X 10-4 


88 


95 


TO film 


9.7 X 102 


160 


1.6 X 10-2 


87 


98 


TO and ITO 
films 


6.6 


580 


3.8 X 10-4 


83 


96 



Table 9 





Sheet 
resistance (Q/ 
□) 


Film thickness 
(nm) 


Specific 
resistivity (Q-cm) 


Transmittance at 
500 nm (%) 


Transmittance at 
600 nm (%) 


ITO film 


18 


420 


7.6 X 10-4 


88 


95 


TO film 


1.1 X 10-3 


160 


1,8 X 10-2 


87 


97 


TO and ITO 
films 


6.9 


580 


4.0 X 10-4 


84 84 


96 



[0087] From the results shown In Table 4 through Table 9 It is evident that, even if an ATO film or a TO film is laminated 
on top of the ITO film Instead of the FTO film, essentially the same results can be obtained. 

so 

Example 4 

[0088] Using the same raw material compound solution for an ITO film and raw material compound solution for a 
FTO film as in Example 1 , a transparent electrode plate was obtained by carrying out a film formation operation using 
^ the same SPD method, fonning an ITO film having a thickness of 450 nm on heat resistant glass (CORNING #7059, 
10 mm X 10 mm x 1 .1 mm), and forming 9 different types of FTO films having thicknesses of 0-350 nm thereon. 
[0089] These 9 types of transparent electrode plates were heated in a heating furnace at temperatures between 
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250-700°C for one hour in air, and tlie slieet resistance after film forming and the sheet resistance after heating were 
measured. 

[0090] The results are shown In Table 1 0. 
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[0091] It can be understood from the results of Table 1 0 that in order to obtain a transparent electrode plate whose 
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conductivity does not decrease even if heated at 250**C for one hour in air. for example, the thickness of the FTO film 
may be set to 30 nm, and in order to obtain a transparent electrode plate whose conductivity does not decrease even 
if heated at 700'C for one hour In air, the thickness of the FTO film may be set to a minimum of 150 nm. 

Example 5 

[0092] Using the same raw material compound solution for an iTO film and raw material compound solution for a 
FTO film as in Example 1 , a transparent electrode plate was obtained by carrying out a film formation operation using 
the same SPD method, forming 8 different types of ITO film having thicknesses of 100-1400 nm on heat resistant glass 
(Corning #7059. 1 0 mm x 1 0 mm x 1 .1 mm), and forming a FTO film having a thickness of 150 nm thereon. 
[0093] The sheet resistance after film forming and the light transmittance (550 nm wavelength, absorption of heat 
resistant glass plate of the substrate was subtracted) of these 8 types of transparent electrode plates were measured. 
The sheet resistance of the transparent electrode plates after heating at 450°C for one hour in air was also measured. 
[0094] The results are shown in Table 11. 



Table 11 



ITO film thickness (nm) 


Sheet resistance during filrh 
fomning (£2/113) 


Sheet resistance after one 
hour at 450**C (Q/q) 


Transmittance (550 nm) 

(%) 


100 


13.5 


13.5 


97 


200 


7.0 


7.0 


96 


400 


4.8 


4.8 


95 


600 


2.3 


2.3 


91 


800 


1.5 


1.5 


89 


1 000 


1.3 


1.3 


81 


1200 


1.0 


1.0 


76 


1400 


0,79 


0.79 


70 



[0095] It can be understood from the results of Table 11 that if the thickness of the ITO film exceeds 1 000 nm, the 
light transmittance begins to decrease. Furthemnore. it can be understood that if a FTO film having the required thick- 
ness is present and is coated, there is absolutely no effect on the heat resistance thereof even if the film thickness of 
the ITO film Is varied. 



Example 6 

1 . Preparation of raw material compound solution for an FTO film 

[0096] 3.33 g of indium chloride (HI) tetrahydrate and 0,1 35 g of tin chloride (II) dihydrate were dissolved in 60 ml of 
ethanol, thereby producing the raw material compound solution for an rTO film. 

2. Preparation of raw material compound solution for a FTO film 

[0097] 0.701 g of tin chloride (IV) pentahydrate was dissolved in 10 ml of ethanol. 0.592 g of a saturated aqueous 
solution of ammonium fluoride was added thereto. This mixture was placed in an ultrasonic washer for about 20 minutes 
and completely dissolved, thereby producing the raw material compound solution for a FTO film. 
[0098] iJsIng this raw material compound solution for an ITO film and raw material compound ?.-!ution for a FTO film, 
a transparent electrode plate was obtained by canying out £ : formation operation using the -ne SPD method as 
in Example 1, forming 13 types of ITO film on heat resista- \ .;iass (Corning #7059, 10 mm . mm x 1 .1 mm) by 
varying the film formation temperature fronn220-460°C. and suosequently forming a FTO film tht- . n at a film formation 
temperature of 400**C. 

[0099] These 1 3 types of transparent electrode plates were heated in a heating furnace at 450^*0 for one hour in air, 
and the sheet resistance and specific resistance after film forming as well as the sheet resistance, specific resistance, 
and transmittance after heating were measured. 
[01 GO] The results are shown In Table 1 2, 
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[0101] It is clear from the results of Table 1 2 that when the film formation temperature of the ITO film Is 280-460*'C, 
it is possible to form a low-resistance transparent electrode film. 

Example 7 

5 

1. Preparation of raw material compound solution for an ITO film 

[0102] 3.33 g of indium chloride (III) tetrahydrate and 0.135 g of tin chloride (II) dihydrate were dissolved In 60 ml of 
ethanol. thereby producing the raw material compound solution for an ITO film. 

10 

2. Preparation of raw material compound solution for a FTO film 



[0103] 0.20 M of tin chloride (IV) pentahydrate was dissolved in ethanol. 0.32 M of a saturated aqueous solution of 
ammonium fluoride was added thereto. This mixture was placed in an ultrasonic washer for about 20 minutes and 

15 completely dissolved, thereby producing the raw material compound solution for a FTO film. 

[0104] Using this raw material compound solution for an ITO film and raw material compound solution for a FTO film, 
a transparent electrode plate was obtained by carrying out a film formation operation using the same SPD method as 
in Example 1, forming an ITO film (thickness: 570 nm) on heat resistant glass (Corning #7059, 10 mm x 10 mm x 1.1 
mm) at a film formation temperature of aSO'C, and subsequently fomiing 12 types of FTO film (thickness: 180 nm) 

20 thereon by varying the film fomiation temperature from 240-460°C. 

[0105] These 1 2 types of transparent electrode plates were heated In a heating furnace at 450*^0 for one hour in air, 
and the sheet resistance and specific resistance after film forming as well as the sheet resistance, specific resistance, 
and transmittance after heating were measured. 
[0106] The results are shown in Table 13. 

25 



30 



35 



40 



45 



50 



55 



14 



'«4 I ^ 



EP 1 359 626 A1 



10 



15 



20 



25 



30 



JO 

t2 



35 



40 



45 



SO 



55 



O 

c ^ 

3 B 

E o 

CO ir^ 

C m 
03 



o 
CO 



CC 
CQ 

o 
c 
cd 

00 
• ^ 
CO 



cd 

o 
-a 

<u 
c: 
o 



CO 



cd 
o 

c 
o 



p 

o 



□ 



o s .s 

"1 1 ^ 

CO W 



E 
u 



oo 



X 
oo 
rn 



o 



O 



X 
o 



CO 

C 
o 



E 



o 

- *^ .s n 

CO 



2 G 

3 a 



o 

ci: 5 



- 2 



oo 
oo 



X 



oo 



X 
o 



CM 



<r> 

so 



ON 
OO 



o 



X 
vq 

CO 



oo 



o 



X 
o 



o 



vq 
r4 



o 
oo 

CM 



oo 



X 
vq 



oo 



o 



X 
o 



vo 



o 
o 



oo 
oo 



X 
vq 



oo 



O 



X 
cq 
oi 



vq 



CD 



oo 
oo 



o 



X 
vq 



en 



X 
o 



O 



o 



OS 
oo 



o 



CN 



OO 
CN 



O 



X 
o 
r4 



CD 



vq 

CN 



o 



CD 



X 

CN 



VO 



o 



X 
o 

CN 



O 



VO 
<N 



O 
OO 

m 



OO 



o 



X 
o 
cvi 



so 

CN 



X 
o 

<N 



o 
VO 



vq 



o 

CD 



OO 

oo 



X 
o 

CN 



VO 



O 



X 
o 



o 

VO 



vq 

CN 



o 



oo 
oo 



VO 
oo 



o 



CD 



X 

CN 

oi 



X 
VO 



ON 

oi 



CO 



o 



X 
o 
oi 



X 

CD 

oi 



o 

lO 



o 



vq 
oi 



VO 
CN 



O 



CD 
so 



15 



EP 1 359 626 A1 



[0107] It can be understood from the results of Table 13 that by setting the film formation temperature of the FTO 
film 3 to 360-440°C, a transparent electrode layer having excellent heat resistance can be fomried while maintaining 
low resistance even after heating at 450**C for one hour in air. 



Claims 

1. A substrate for a transparent electrode, wherein two or more layers of different transparent conductive films are 
formed on a transparent substrate, and an upper layer transparent conductive film has a higher heat resistance 
than that of a lower layer transparent conductive film. 

2. A substrate for a transparent electrode according to claim 1 , wherein an increase in electrical resistance of said 
upper layer transparent conductive film on heating at 300 to 700'C is suppressed to an increase of no more than 
two times, and an increase in electrical resistance of said lower layer transparent conductive film on heating at 
300^*0 or higher is 1 .5 times or greater. 

3. A substrate for a transparent electrode according to claim 1 , wherein two or more layers of different transparent 
conductive filnns are formed on a transparent substrate, at least one of layers other than an uppemnost layer is an 
Indium tin oxide film, and a transparent conductive film for which an increase in electrical resistance on heating at 
300 to 700*'C is suppressed to no more than two times is fonned on top of said Indium tin oxide film, 

4. A substrate for a transparent electrode according to claim 2, wherein two or more layers of different transparent 
conductive films are formed on a transparent substrate, at least one of layers other than an uppermost layer is an 
Indium tin oxide film, and a transparent conductive film for which an increase in electrical resistance on heating at 
300 to 700°C Is suppressed to no more than two times is formed on top of said indium tin oxide film. 

5. A substrate for a transparent electrode according to claim 3, wherein said transparent conductive film laminated 
on top of said indium tin oxide film is produced by a spray pyroiysis deposition method. 

6. A substrate for a transparent electrode according to claim 5, wherein said transparent conductive film laminated 
on top of said indium tin oxide film is formed consecutively and immediately after formation of said indium tin oxide 
film. 

7. A substrate for a transparent electrode according to claim 3, wherein at least one transparent conductive film other 
than said indium tin oxide film comprises one or more transparent conductive films selected from a group consisting 
of fluorine tfopeci tin" oxideVahtimohy doped tin oxide, tin oxide, fluorine doped zinc oxide, aluminum doped zinc 
oxide, gallium doped zinc oxide, boron doped zinc oxide, and zinc oxide. 

8. A substrate for a transparent electrode according to claim 4, wherein at least one transparent conductive film other 
than said indium tin oxide film comprises one or more transparent conductive films selected from a group consisting 
of fluorine doped tin oxide, antimony doped tin oxide, tin oxide, fluorine doped zinc oxide, aluminum doped zinc 
oxide, gallium doped zinc oxide, boron doped zinc oxide, and zinc oxide. 

9. A substrate for a transparent electrode, wherein an indium tin oxide film is provided on a transparent substrate, a 
fluorine doped tin oxide film is provided on the indium tin oxide filrh, and the thickness of the indium tin oxide film 
is 100-1000 nm. 

10. A substrate for a transparent electrode according to claim 9, wherein the thiclcness of the fluorine doped tin oxide 
film is 30-350 nm. 

11 . A substrate for a transparent electrode according to claim 9, wherein the thickness of the fluorine doped tin oxide 
film Is 1 00-350 nm. 

12. A substrate for a transparent electrode according to claim 9, wherein the thickness of the fluorine doped tin oxide 
film is 1 50-350 nm. 

13. A method of producing a substrate for a transparent electrode, wherein a film formation temperature of an indium 
tin oxide film is 280^C or higher when producing the substrate for a transparent electrode by providing the indium 
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tin oxide film on a transparent substrate by means of a spray pyrolysis deposition method and by providing a 
fluorine doped tin oxide film on the indium tin oxide film. 

14. A method of producing a substrate for a transparent electrode, wherein a film formation temperature of a fluorine 
5 doped tin oxide film is 360-440**C when producing the substrate for a transparent electrode by providing an indium 

tin oxide film on a transparent substrate by means of a spray pyrolysis deposition method and by providing the 
fluorine doped tin oxide film on the indium tin oxide film. 

15. A photoelectric conversion element using a substrate for a transparent electrode according to claim 1 as a trans- 
10 parent electrode plate. 

16. A photoelectric conversion element using a substrate for a transparent electrode according to claim 2 as a trans- 
parent electrode plate. 

15 17. A dye sensitized solar cell using a substrate for a transparent electrode according to claim 1 as a transparent 

electrode plate. 

18. A dye sensitized solar cell using a substrate for a transparent electrode according to claim 2 as a transparent 
electrode plate. 

20 

19. A photoelectric conversion element using a substrate for a transparent electrode according to claim 7 as a trans- 
parent electrode plate. 

20. A dye sensitized solar cell using a substrate for a transparent electrode according to claim 7 as a transparent 
25 electrode plate. 

21 . A photoelectric conversion element using a substrate for a transparent electrode according to claim 8 as a trans- 
parent electrode plate. 

30 22. A dye sensitized solar cell using a substrate for a transparent electrode according to claim 8 as a transparent 
electrode plate. 

23. A photoelectric conversion element using a substrate for a transparent electrode according to claim 9 as a trans- 
parent electrode plate. 

35 

24. A dye sensitized solar cell using a substrate for a transparent electrode according to claim 9 as a transparent 
electrode plate. 

25. A photoelectric conversion element using a substrate for a transparent electrode according to claim 1 0 as a trans- 
40 parent electrode plate. 

26. A dye sensitized solar cell using a substrate for a transparent electrode according to claim 10 as a transparent 
electrode plate. 

45 



50 



55 
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FIG. 1 
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